strength of the influence of environmental exposures is seen in studies of monozygotic twins where concordance for childhood IDDM is estimated to range from 13-53 % [2] [3] [4] . Substantial variation in incidence rates internationally [5] , within countries [6] [7] [8] and for migrant populations [9] remains to be explained.
Beta-cell destruction may begin many years prior to the onset of clinical symptoms in children with IDDM, so in utero and perinatal exposures to the developing fetus and neonate may be important determinants of disease. The role of viruses was suggested following the observation of increased risk of IDDM in congenital rubella syndrome [10] and congenital cytomegalovirus infection [11] . More recently, fetal exposure to enteroviruses has been associated with Diabetologia (1997) 40: 933-939 Antenatal risk factors for childhood diabetes mellitus; a case-control study of medical record data in Yorkshire, UK Summary Environmental risk factors for childhood insulin-dependent diabetes mellitus (IDDM) have been investigated using data abstracted from the obstetric records of mothers participating in a population-based case-control study of children (0-15 years) diagnosed with IDDM during 1993-1994. A univariate analysis of 196 age and sex matched sets (129 triplets, 67 pairs) gave significantly raised odds ratios (OR) for mothers over 35 years (OR 2.13, 95 %CI 1.04-4.36) and the following exposures in pregnancy: amniocentesis (3.85, 1.34-11.04), oedema, proteinuria and/or hypertensive disorders (1.62, 1.03-2.54), excessive weight gain (7.12, 1.50-33.79) and complications in labour (1.49, 1.00-2.21). The risk previously associated with caesarean deliveries was confirmed and the trend of increasing risk with age was significant. Adjusting separately for mothers with IDDM (4 cases, 0 control subjects), parity and small for gestational age failed to have any influence on the pregnancy risk factors or caesarean delivery. Case mothers undergoing amniocentesis were significantly younger compared to their control counterparts (p = 0.02) and the majority were given the test to determine fetal maturity, late in pregnancy, rather than to identify chromosomal abnormalities. Oedema, proteinuria and/or hypertension conferred an increased risk throughout pregnancy, particularly in the first two trimesters. No specific pattern of risk was present for any age group. Multivariate modelling of the significant OR, using conditional logistic regression, retained excessive weight gain as significant. The overall results present a risk profile of older mothers whose babies may be exposed to adverse intrauterine conditions and delivery by caesarean section. [Diabetologia (1997) 40: 933-939] childhood IDDM [12] . Other maternal factors such as maternal-child blood group incompatibility [13] , older age of mothers [13] [14] [15] [16] [17] , toxaemia [13] , maternal diabetes [13, 15] and mother's educational attainment [14, 15, 18] appear to influence risk. Caesarean delivery [13, 15] , birthweight [19, 20] and birth order [15, 16] have also been implicated, although the mechanisms are unclear. These factors were considered as a priori hypotheses alongside additional new variables being examined for evidence of association.
The current analytical epidemiological investigation has examined a range of obstetric factors in relation to the development of IDDM in children. The source of data were obstetric hospital records of mothers interviewed for a case-control study of IDDM in children, conducted in the northern English county of Yorkshire.
Subjects, materials and methods
The methodology conforms to that of a standard population based case-control study [21] . Ethical approval was given by all the relevant local research ethics committees.
Cases. From 1978, the Yorkshire Childhood Diabetes Register has recorded cases of children (under 16 years) diagnosed with IDDM while resident within the geographical area of the former Yorkshire Regional Health Authority. The register ascertains children from three independent sources and is estimated to be 97 % complete [22] . For the years 1993 and 1994, all children aged 0-15 were eligible for the study, excluding those resident in the District Health Authority areas of Grimsby, Scunthorpe and Cleethorpes. Permission was sought from treating hospital clinicians to approach parents and request their participation.
Control subjects. The Family Health Service Authority (FHSA) of the index case was the sampling frame for selecting population based controls, matched on age (within 1 month) and sex. Two randomly selected general practioners (GP), from the FHSA, each provided details of four mothers and their children, along with permission to approach. A mother from each GP was interviewed and refusals were replaced to provide two controls per case.
Data collection. Mothers of cases and control subjects were approached by letter and asked to participate. A face-to-face interview using a standard form gathered demographic, social and lifestyle data including details of the index child's place of birth. Social class was assigned based on mothers' occupation at the time of interview using the Registrar General Standard scheme [23] . Ethnic group and marital status were categorised according to the UK decennial census.
Signed consent was obtained for abstraction of the mother's obstetric notes. A structured standard form designed and validated at the Imperial Cancer Research Fund Epidemiology Unit, Oxford, UK [24] was completed for all the notes by a single trained research midwife, who was blind to case-control status. Information collected included the first antenatal visit, illnesses and operations in pregnancy, drugs in pregnancy, ultrasound scans, X rays, blood tests, labour record and delivery details. Information on parity was derived from mothers' reports and small for gestational age defined according to recent UK birth data taking 2 standard deviations below the mean birthweight for gestational week [25] . No babies were large for gestational age. Illnesses during pregnancy and complications in labour were coded using the International Classification of Diseases version 10 [26] and drugs in pregnancy used the framework of the prescription manual the British National Formulary [27] . Illnesses and drugs were grouped a priori into categories of specific interest and with sufficient numbers for analysis, for example, infections and anti-infective agents. Details of groups and their corresponding codes are available from the authors.
Medical records were obtained from 17 maternity hospitals in Yorkshire but 12.9 % of births were elsewhere in the UK and abroad and records were requested by post for abstraction.
Participation. Over the 2-year study period 248 children with IDDM were registered of whom 220 were interviewed, 13 were ineligible and 15 refused. Details of the case and control participation rates in the main interview study are given in Table 1 in relation to the proportion of mothers whose obstetric notes were abstracted; 78 % of controls were first choice and 18 % second choice. Data available for analysis comprised 129 matched triplets and 67 matched pairs giving 196 matched sets, totalling 89.1 % of interviewed cases. The remaining 6 cases and 29 control subjects had no respective match and were excluded from the analysis.
Statistical analysis. Data from matched case-control pairs and triplets were analysed using Stata [28] which allows for variable matching ratios of cases to controls. Conditional logistic regression was used to estimate the Odds Ratios (OR) with exact 95 % Confidence Intervals (CI), and 2 sided p values for univariate point estimates and multivariate modelling.
With approximately 200 matched sets, the study has 80 % power to detect a relative risk of 2 to 2.5 at a 5 % level of a Two cases were siblings of previously interviewed cases and for the remainder the mothers had died significance if the factor under investigation is prevalent in 10 % of the control population [21] .
Results
A demographic profile of all the mothers whose notes had been abstracted was taken from reported details on the interview forms (Table 2) . Case mothers tended to be more poorly educated, leaving school at an earlier age although these differences were not significant (Table 3) . Marital status exhibited no case-control differences. Cases and controls were not matched by ethnic group but the distributions between them were similar. Social class displayed a similar overall profile for cases and control subjects but there was a notable excess of case mothers who were not in paid work at the time of interview and remained unclassified. Ethnic group, marital status and social class were excluded from further analyses. For all matched pairs and triplets (n = 196) odds ratios (OR) for each variable are given in Table 3 with accompanying 95 % CI and levels of significance. The results show increasing risk associated with mother's age (chi square test for trend p < 0.001), with a twofold excess for mothers over 35 years. There were four mothers of case children and none of the control subjects who had a diagnosis of IDDM prior to pregnancy. Oedema, proteinuria and/or hypertensive disorders of pregnancy (pre-eclampsia) were associated with an increased risk at each trimester of pregnancy. The OR of 7.12 for excessive weight gain was accounted for by weight gain in the third trimester. Prescription of analgesics carried a twofold but non-significant risk as did antihypertensive drugs. Complications in labour conferred a raised OR of 1.5. However, examination of individual codes failed to demonstrate any link with a specific complication. For drugs taken during labour hypnotics and anxiolytics (benzodiazepines) were of borderline significance.
Caesarean section compared to normal spontaneous deliveries was significant but adjusting for the mothers with pre-existing IDDM, on the grounds that they were more likely to have undergone the procedure because of their condition, slightly reduced the level of risk (OR 1.73, 95 % CI.1.02-2.94). Links with emergency procedures almost reach significance compared to a non-significant OR for planned operations. There was no case excess of fetal distress or intrauterine growth problems amongst the caesarean deliveries. For three case and no control mothers a caesarean section was performed for a multiple pregnancy. The OR for preterm births, first pregnancy and babies defined as small for gestational age were not significant.
To investigate potential age effects the significant univariate risks were analysed by age bands at diagnosis, 0-4 (cases n = 40), 5-9 (cases n = 81), 10-15 (cases n = 75). The results did not show any systematic effect for any age group, although the power to detect risks by subgroup was reduced by the small numbers.
All the univariate OR significant at the 5 % level [age of mother (2 groups: 25-35, > 35), amniocentesis, IDDM in mothers, pre-eclamptic conditions, excessive weight gain, complications in labour and caesarean delivery] were adjusted separately for mothers with IDDM, parity and small for gestational age babies; overall, there was little effect. Statistical significance of the risk for labour complications was removed by adjusting for IDDM mothers. Adjustment for first pregnancy gave marginal significance to the OR for mothers aged 25-35.
Conditional logistic regression was applied to potential explanatory variables retaining significance after adjustment, that is mothers' age, amniocentesis, hypertension and pre-eclampsia, excessive weight gain and caesarian delivery. The multivariate modelling only retained excessive weight gain as significant. The fit of the model was chi square = 30.07. 7df, p < 0.001. No other single risk factor emerged as significant from alternative models.
Amniocentesis had a highly significant threefold risk. Details of the 13 case and 9 control mothers in Table 4 , clearly shows a different pattern of exposure. The control mothers displayed an expected distribution for the procedure, that is, being administered in the second trimester of pregnancy to ascertain chromosomal abnormalities in the fetus of older mothers. However, the case mothers undergoing amniocentesis were significantly younger (t-test, t = 2.81, 20df, p = 0.02) and the amniocentesis was used as a diagnostic test for fetal maturity in late pregnancy, mainly from births in the late 1970 s and early 1980 s.
Discussion
Case-control studies investigating risks for childhood IDDM associated with in utero exposures have been conducted using reported information from mothers [14, 16, 19] or national datasets of variables routinely collected for descriptive statistics [13, 15, 29] . We report the results of the first large scale populationbased case-control study analysing detailed data directly abstracted from hospital medical records, permitting investigation of an extensive range of variables not available from birth statistics [13, 15, 29] . The effects of a number of putative risk factors not previously examined are reported. High quality population-based disease registers underpin both descriptive and analytical epidemiological studies and for the current investigation the Yorkshire Childhood Diabetes Register, established as 97 % complete, provided the framework for ascertaining cases [22] . Interview information from casecontrol studies is vulnerable to bias particularly that introduced by interviewers and mother's recall. Careful training of interviewers and use of a highly structured and validated questionnaire aimed to reduce any effect. Possible risk factors for IDDM are not widely known and mothers of cases are unlikely to over-report on items included in this analysis. In contrast, the obstetric record abstractions provide an unbiased source of information, recorded by a single research midwife who was unaware of case-control status. A high proportion of interviewed case and control mothers had their hospital obstetric records abstracted but no evidence existed to suggest any temporal or geographical case-control bias for the unobtainable notes. The quality of the obstetric notes was generally very good, successfully providing a high quality historical data set spanning 20 years.
The finding of increased risk with maternal age confirms observations from other studies [13] [14] [15] [16] [17] [18] and is therefore likely to represent a real association. Social class groupings according to mothers' occupations at the time of interview, therefore post-diagnosis, were not dissimilar for cases and control subjects but there was a notable excess of case mothers unclassified because they were not in paid employment. Mothers of children with IDDM are possibly less likely to be working, due to the demands of caring for a child with a chronic disease. Social class proxies, mother's school leaving age and level of education, showed case mothers left school earlier and were less well qualified than their comparison controls although the differences were not significant. Some studies [14, 15, 18] but not all [15] have observed low socio-economic class linked to an increased risk. Results from ecological studies are inconsistent with these findings, where living in densely populated areas and overcrowded houses reduces risk [30, 31] . These apparently incompatible observations are likely to reflect different methodological approaches, with case-control studies tending to suffer from higher participation rates of control subjects in higher social groups. Stringent efforts were made in the Yorkshire study to reduce this selection bias by assiduously following up all the randomly selected controls and a high proportion (78 %) were first choice.
The current study and others [14, 15, 18] failed to find an association with length of gestation in contrast to a Scandavian study [13] . An indicator of fetal development is 'birthweight by gestational age' and 'small for gestational age' babies appear to be at reduced risk from childhood IDDM [29] , although this was not observed in our analysis.
Mothers with IDDM would be expected to confer a risk to their offspring by transmitting genetic susceptibility and the current study and others [12, 15] confirm this. An increased risk for 'oedema, proteinuria and hypertension' has been observed in Scandanavia [14] but not in Scotland or Northern Ireland [15] . Any detrimental effect on the fetus from hypertension or disturbed metabolism associated with pre-eclampsia is likely to be strongest in the early stages of fetal development and a novel finding in the Yorkshire study associated particularly high risk with the first two trimesters of pregnancy. Excessive weight gain in pregnancy, the most statistically significant finding, is clinically closely linked to symptoms of toxaemia.
The threefold risk of amniocentesis, not accounted for by mothers with IDDM, is a new finding and requires independent confirmation in other studies. The profiles of cases and control subjects revealed very different patterns, with the procedure undertaken later and in younger case mothers for detecting fetal problems, such as suspected intrauterine growth retardation or maturation. Our findings weakly point towards poor fetal development being associated with increased risk, an observation inconsistent with a recent study [29] showing a decreased risk for babies defined as small for gestational age.
The mechanism by which intrauterine growth retardation and the effects of maternal hypertension might directly affect development of the pancreas can be inferred, somewhat speculatively, from work demonstrating the occurrence of compensatory redistribution of blood flow and blood oxygen content, to favour vital organs such as the brain, thus reducing the supply to abdominal organs [32] . These circumstances might conceivably influence the development of beta-cell mass and/or differentiation providing a susceptible target for the destructive autoimmune process.
Drugs taken in pregnancy have not been previously examined in such detail in relation to the risk of IDDM and nothing of interest emerged from the current analysis. No evidence was found for any risk of infections in pregnancy or the prescription of antiinfective drugs. The ideal approach to evaluating risk of infections are serological studies, such as those implicating coxsackie viruses [12] .
Caesarean section has now been confirmed as conferring risk in a number of studies, although the mechanism by which this has a biological effect is not obvious. Risks for emergency caesarians, amniocentesis, toxaemia and excess weight gain are suggestive of pregnancies where concern for fetal viability might exist, making surgical intervention more likely.
In summary, this study reports new risk factors for childhood IDDM associated with amniocentesis and excessive weight gain, while confirming previous observations of raised risk for caesarean deliveries and toxaemia. The possibility of the intrauterine environment affecting future risk requires further study of the potential underlying mechanisms.
